Soluble interleukin-2 (IL-2) receptor (sIL-2R) is reported to be up-regulated in inflammatory disorders. Although sIL-2R may modulate perioperative inflammatory responses, it remains unclear whether upper abdominal surgery affects plasma sIL-2R levels. We evaluated the influence of major abdominal surgery on plasma sIL-2R levels. Ten patients scheduled for upper abdominal surgery received anaesthesia with isoflurane, nitrous oxide, and epidural block. Plasma sIL-2R and IL-6 levels were determined at pre-anaesthesia, 0, 2, and 4 hours during surgery, and on postoperative days 1 (POD1) and 3 (POD3). The plasma levels of sIL-2R decreased significantly and achieved their minimum value at 4 hours (677.0±125.3 pg/ml, P<0.01 compared to pre-anaesthesia value; 924.5±178.8 pg/ml, 95% confidence interval=122. 2-550.4). The plasma sIL-2R levels increased on POD1 (1336.5±174.0 pg/ml) and POD3 (1629.0±262.8 pg/ml), and reached a level significantly higher than the baseline (P<0. 05 and P<0.001, 95% confidence interval=93.4-730.6 and 402.8-1006.2, respectively). The plasma sIL-2R levels on POD3 significantly correlated with the peak P<0.05). The plasma sIL-2R levels on POD3 correlated with the amount of intraoperative bleeding (r=0.66, P<0.05). In conclusion, we found that major abdominal surgery induces characteristic changes in plasma soluble IL-2 receptor levels.
The acute phase response develops following major trauma, operation and infection 1 . Inflammatory cytokines, especially IL-6 and IL-8 [2] [3] [4] [5] , are known to play important roles in this response, and the excess production of such cytokines may induce adhesion molecules on leukocytes and endothelial cells and lead to the activation and sequestration of leukocytes in the lung, leading to postoperative pulmonary complications.
Recently we have reported that anti-inflammatory cytokine IL-10 is produced during and after major abdominal surgery 6 . The soluble form of the IL-2 receptor (sIL-2R) is reported to be upregulated in inflammatory disorders including bronchial asthma 7 .
Increased levels of the sIL-2R in biological fluids reportedly correlate with the upregulation of T and B cell activity and immune system activation, and a correlation of the levels of sIL-2R in serum with the onset of rejection in allograft recipients has been reported 8 . Furthermore, elevated levels of sIL-2R have been reported in patients with autoimmune disorders such as systemic lupus erythematosus 9, 10 . Although sIL-2R may modulate perioperative inflammatory responses, it remains unclear whether upper abdominal surgery affects the plasma levels of sIL-2R. We speculated that the plasma levels of sIL-2R would be affected by major abdominal surgery. Therefore we measured the plasma sIL-2R levels in patients undergoing upper abdominal surgery.
MATERIALS AND METHODS
Between 1996 and 1997, 10 patients (four males and six females) undergoing major abdominal surgery, with an ASA physical status of 1 or 2 and operated on by the same surgeon were prospectively studied. The study was approved by the Tohoku University School of Medicine's Ethics Committee and informed consent was obtained. All patients received 0.01 mg/kg of atropine and 1 mg/kg of pethidine intramuscularly 45 minutes before the induction of anaesthesia. After placement of a thoracic epidural catheter at the T8-T9 interspace and confirmation of upper sensory block to T4, all study patients received 5 mg/kg of thiopentone followed by intravenous vecuronium at 0.16 mg/kg. They received general endotracheal anaesthesia with 0.5 to 1% isoflurane and 60 to 67% nitrous oxide. Epidural anaesthesia was also performed with continuous administration of 1.5% lignocaine at a rate of 6 to 10 ml/hr. Intraoperative muscle relaxation was continued with vecuronium. Blood loss was estimated by measuring the contents of the suction bottle and tubing. No patient had received corticosteroids before surgery or other drugs known to affect the cytokine cascade.
Plasma was assayed for cytokines at preanaesthesia, 0, 2, 4 hours during surgery and at the end of the surgical procedure, followed by blood sample collection in the mornings of postoperative days 1 (POD1) and 3 (POD3). All arterial plasma samples were collected from sterile 10 ml syringes into pre-chilled tubes containing EDTA, and were spun within thirty minutes at 3000 rpm for 10 minutes at 4°C. The plasma was stored at -80°C until analysis.
Arterial plasma cytokine (sIL-2R, IL-6) level quantification was made with commercial "sandwich" enzyme-linked immunosorbent assay (ELISA) kits (Human IL-6 ELISA Kit: Toray Fuji Bionics Inc., Tokyo, Japan for IL-6 assay; Quantikine, R&D Systems, Minneapolis, MN, for sIL-2R assay). All cytokine measurements reported in this study represent the means from duplicate determinations. The minimal detectable values of the IL-6 kits were 10 pg/ml. The minimal detectable values of sIL-2R ELISA kits were 6.0 pg/ml for sIL-2R. The sIL-2R assays with the ELISA kit recognize both natural and recombinant human IL-2R. No significant crossreactivity or interference with other cytokines was observed. Intra-assay and inter-assay coefficients of variation of these measurements were all less than 10% in each determination.
Data were analyzed by paired t-tests for repeated measurements. Correlations between various parameters were analyzed using Pearson's correlation coefficient. A statistically significant difference was assumed if the P value was less than 0.05. Values were expressed as mean±SEM. Table 2 summarizes the clinical characteristics of the ten patients investigated in the study. Five patients underwent pancreaticoduodenectomy. Three patients had distal pancreatectomy and the other two patients underwent choledochojejunostomy. The mean duration of anaesthesia and surgery was 441±40 minutes and 385±40 minutes, respectively. The mean volume of blood loss and transfusion was 1052±190 ml and 440±186 ml respectively. Five of 10 patients did not receive allogeneic blood transfusion. These patients had haemoglobin levels above 10 g/dl during the surgery. The time course of the plasma sIL-2R levels during and after the surgery is shown in Figure 1 . Preoperative baseline plasma sIL-2R levels were 924.5±178.8 pg/ml. Two hours after commencement of the operation, the plasma sIL-2R levels started to decrease, achieving their minimum values four hours after the start of the operation (677.0±125.3 pg/ml, P<0.01 compared to pre-anaesthesia value, 95% confidence interval=122.2 to 550.4). The plasma sIL-2R levels increased on the morning following surgery (1336.5±174..0 pg/ml, P<0.05, 95% confidence interval=93.4-730.6), and further increased on the morning of the third postoperative day (1629.0±262.8 pg/ml, P<0.001, 95% confidence interval=402.8-1006.2). As shown in Table 3 , there was an increase in the plasma concentrations of IL-6 after the start of surgery, peaking at the first postoperative day (209.6±69.3 pg/ml for IL-6, P<0.05 compared to pre-anaesthesia values, 95% confidence interval=26.4-346.2), and beginning to return to near baseline values at 3POD. Figure 2 illustrates the relationship between the plasma sIL-2R levels on the third postoperative day and the peak perioperative plasma IL-6 levels. There was a significant correlation (r=0.67, P<0.05) between the plasma sIL-2R levels and the peak plasma IL-6 levels in the perioperative period. Figure 3 illustrates the relationship between the plasma sIL-2R levels on the third postoperative day and the amount of blood loss during the operation. The plasma levels of sIL-2R on the third postoperative day significantly correlated with the amount of bleeding during surgery (r=0.66, P<0.05).
RESULTS

DISCUSSION
The results of this study suggest that upper abdominal surgery induces characteristic changes in the plasma levels of sIL-2R in the perioperative period. As far as we know, this is the first study that shows the time course of changes in sIL-2R in the perioperative period of upper abdominal operations. Hensler and co-workers noted a marked suppression of T-cell effector functions during and in the early phase of the postoperative course in major abdominal surgery 11 . Our results, together with the evidence presented by Hensler et al, strongly indicate that immune status, especially T-cell function, is affected by the stress of a major surgical insult.
The cellular source of sIL-2R was not established in the present study. Such cell types as T and B lymphocytes, monocytes, activated eosinophils and basophils possess IL-2R on their surfaces 7, 12, 13 . Soluble forms of IL-2R are thought to be released by proteolysis from the cell surface. In general, upregulation of sIL-2R can be related to T cell activation. Our results suggest that there might be a link between perioperative inflammatory responses, such as IL-6 upregulation and T cell activation in the later phase of the postoperative period in major abdominal surgery.
The duration of the operation and the amount of blood loss during surgery are considered to be practical parameters of the magnitude of surgical stress 14 . Although we could not find a significant correlation between the postoperative plasma sIL-2R levels and the duration of surgery, these data suggest that the postoperative plasma levels of sIL-2R may serve as a useful indicator of the magnitude of surgical stress during the perioperative period.
In five out of 10 patients, allogeneic blood was transfused to maintain haemoglobin levels. Transfusion may affect the release of soluble IL-2 receptor (sIL-2R) from human peripheral lymphocytes 15 . However, in the present study there were no significant differences in the plasma levels of sIL-2R between the no-transfusion group and transfusion group (data not shown). Therefore, we believe that transfusion in five of 10 patients did not influence the results of the present study.
Combined epidural-general anaesthesia was employed in all 10 patients in the present study. The stress response to surgical trauma involves the activation of the hypothalamic-pituitary adrenal axis and the production of inflammatory cytokines that may lead to harmful physiological responses in the perioperative period 16 . Epidural anaesthesia possesses only a partial inhibitory effect on the stress response in major upper abdominal surgery 17 . Furthermore, cortisol, which is induced in the perioperative period, might affect the plasma levels of sIL-2R 18 . To our knowledge, there have been no reports showing the effects of epidural anaesthesia on sIL-2R. Further research is warranted to clarify the effects of surgery and anaesthesia on sIL-2R modulation.
In conclusion, major upper abdominal surgery induces a biphasic change in plasma sIL-2R levels. Possible correlations between sIL-2R and the perioperative inflammatory responses warrant further investigation. Anaesthesiologists dealing with patients undergoing major surgery should be aware that surgery and anaesthesia may be associated with significant changes in the immune system.
